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BORDEAUX  MIXTURE  is  the  only  reliable  pre- 
ventive for  certain  diseases  of  plants.  Since 
commercial  Rordeaux  mixtures  vary  in  copper  con- 
tent it  is  necessary  for  the  grower  to  know  their 
strength  in  terms  of  the  amount  of  equivalent  copper 
sulphate  in  50  gallons  when  diluted. 

This  can  be  easily  calculated  by  the  method  de- 
scribed in  this  bulletin  or  can  be  approximately 
determined  without  calculation  by  reference  to 
Tables  1  and  2. 

After  the  strength  of  the  product  is  known,  the 
relative  money  value  of  its  ingredients  can  be  easily 
calculated 

Physical  properties,  such  as  adhesiveness,  texture, 
spreading  quality,  and  rate  of  settling,  also  are 
important  factors  in  determining  the  efficiency  of 
Rordeaux  mixtures. 

The  grower  should  regard  spraying  as  an  insur- 
ance and  preventive  and  should  always  be  prepared 
for  an  epidemic  of  the  disease  he  expects  to  combat. 
If  he  wishes  to  insure  good  control,  he  should,  there- 
fore, use  a  preparation  equivalent  to  the  standard 
Rordeaux  mixture  recommended  for  that  purpose. 


Issued  June,  1918 

Washington,  D.  C.  Revised  May,  192: 
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COMMMERCIAL  BORDEAUX  MIXTURES: 
HOW  TO  CALCULATE  THEIR  VALUES 

By  Eeeett  Wallace,  Pathologist,  and  L.  H.  Evans,  Scientific  Assistant,  Office 
of  Fruit-Disease  Investigations,  Bureau  of  Plant  Industry,  in  cooperation 
with  the  Insecticide  and  Fungicide  Board 
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BORDEAUX  MIXTURE  THE  ONLY  REMEDY  FOR 
CERTAIN  DISEASES 

BORDEAUX  MIXTURE,  which  was  the  first  general  fungicide 
used  as  a  spray  against  fungous  diseases  of  plants,  is  still  more 
widely  used  than  any  other.  In  fact,  so  far  as  at  present  known 
some  of  our  most  important  diseases,  such  as  late-blight  of  potatoes, 
black-rot  of  grapes,  and  bitter-rot  of  apples,  can  be  controlled  satis- 
factorily only  by  Bordeaux  mixture  or  some  other  preparation  con- 
taining copper  as  the  active  ingredient. 

COMMERCIAL  BORDEAUX  MIXTURES 

RELATIVE  MERITS 

Owing  to  the  popularity  and  wide  range  of  usefulness  of  Bordeaux 
mixture  many  manufacturers  are  placing  this  fungicide  on  the  mar- 
ket, in  both  paste  and  powdered  form,  for  the  use  of  those  who 
wish  to  avoid  the  inconvenience  of  making  it  themselves.  It  is  sold 
in  some  cases  under  proprietary  trade  names  and  in  others  simply 
as  Bordeaux  mixture. 

The  object  of  this  bulletin  is  to  give  information  that  will  enable 
the  buyer  to  calculate  for  himself  from  analyses  stated  on  its  label 
the  value  of  any  commercial  Bordeaux  mixture  or  similar  copper 
fungicide,  expressed  in  terms  of  the  cost  of  materials  used,  and  also 
to  determine  what  dilution  of  such  products  should  be  used  to  fur- 
nish an  amount  of  copper  equivalent  to  a  homemade  Bordeaux 
mixture  of  the  formula  desired. 
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METHODS  USED  TO  CALCULATE  VALUES 

Ordinarily,  the  grower  expresses  the  strength  of  his  homemade 
Bordeaux  mixture  in  terms  of  the  crystallized  copper  sulphate 
(CuS045H20;  Milestone,  or  blue  vitriol)  and  of  the  lime  in  50  gal- 
lons of  the  prepared  spray.  Thus,  a  formula  may  be  stated  as  a 
1  1  50  mixture,  meaning  that  4  pounds  of  crystallized  copper  sulphate 
and  4  pounds  of  lime  are  used  with  enough  water  to  make  50  gallons. 

The  insecticide  act  of  1910  1  requires  that — 

In  the  ease  of  insecticides  (other  than  Paris  greens  and  lead  arsenates) 
and  fungicides  the  labels  accompanying  such  preparations  in  interstate  com- 
merce must  contain  a  plain,  correct  statement  of  the  name  and  percentage 
amount  of  each  and  every  inert  ingredient,  or  in  lieu  of  this  the  manufacturer 
may  "  at  his  discretion  state  plainly  upon  the  label  the  correct  names  and  per- 
centage amounts  of  each  and  every  ingredient  of  the  insecticide  or  fungicide 
having  insecticidal  or  fungicidal  properties,  and  make  no  mention  of  the  inert 
ingredients,  except  in  so  far  as  to  state  the  total  percentage  of  inert  ingredi- 
ents present." 

The  only  feasible  method  of  complying  with  the  above  require- 
ments in  the  case  of  Bordeaux  mixtures 2  is  for  the  manufacturer  to 
include  on  his  label  some  such  statement  as  the  following : 

Active  ingredient :  Copper.   per  cent. 

Inert  ingredient :   ,   per  cent. 

METHOD  OF  CALCULATING  INGREDIENTS 

The  grower  should  therefore  find  on  every  label  of  Bordeaux  mix- 
ture a  statement  of  the  copper  content  expressed  as  a  percentage. 
This,  however,  does  not  mean  very  much  to  one  who  has  been  accus- 
tomed to  measure  the  strength  of  Bordeaux  mixtures  in  terms  of  a 
formula,  as  already  explained.  The  first  thing  necessary  is  to  calcu- 
late the  equivalent  of  copper  sulphate  (Milestone)  :  in  other  words 
to  determine  what  amount  of  copper  sulphate  would  be  required  to 
prepare  the  mixture  in  question.  This  can  be  done  very  simply  by 
the  use  of  the  factor  3.93.  Thus,  when  the  percentage  of  copper 
(Cu)  is  given,  as  it  usually  is  and  properly  should  be  in  the  analysis 
on  the  label,  multiply  this  percentage  by  3.93.  If,  however,  in  any 
case  the  manufacturer  has  not  fully  complied  with  the  requirements 
of  the  law  and  has  expressed  the  copper  in  terms  of  percentage  of 
copper  oxide  (CuO),  multiply  this  by  3.14,  or  if  he  has  stated  it  in  , 
terms  of  copper  hydroxide  (Cu(OH)2),  multiply  by  2.56.  This  in 
each  case  gives  the  equivalent  percentage  of  copper  sulphate  in  the 
concentrated  Bordeaux  mixture.  The  equivalent  of  copper  sulphate 
in  the  spray  material  diluted  ready  for  application  may  be  calculated 
according  to  the  following  example: 

Era  tuple. — A  commercial  Bordeaux  paste  which  lias  been  examined  by  the 
writers  contains  11  per  cent  of  met.Mllic  copper,  according  to  the  analysis  given 
on  the  LabeL  Therefore,  if  the  preparation  contains  11  per  cent  of  copper,  it 
contains  the  equivalent  of  4.H.2.S  per  cent  of  crystallized  copper  sulphate  (ob- 
tained by  multiplying  11  by  the  factor  3.9.'i=4M.28 ) .  Thus,  the  paste  contains 
copper  equivalent  to  43. 23  per  cent  of  crystallized  copper  sulphate.  The  label 
recommends  that  10  pounds  of  this  mixture  he  diluted  with  50  gallons  of  water. 


1  Rulos  and  regulations  for  carrying  out  the  provisions  of  the  Insecticide  act  of  1910. 
U.  S.  Dept.  Apr..  Office  Sec.  (Mr.  114,  L'd  row.  16  p.  HUT. 

a  Inert  and  active  Ingredients  of  Bordeaux  mixture.  U.  S.  Dept.  Agr.,  Office  Sec.,  In- 
secticide Decision  6,  2  p.  191-. 
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Therefore,  in  order  to  calculate  the  amount  of  crystallized  copper  sulphate  in 
50  gallons  of  the  diluted  spray,  take  43.23  per  cent  of  10  pounds,  which  equals 
4.32  pounds.3 

When  this  Bordeaux  mixture  is  diluted  for  application  it  will  con- 
tain in  every  50  gallons  an  amount  of  copper  equivalent  to  4.32 
pounds  of  copper  sulphate.  This  is  slightly  stronger  than  a  4-4—50 
formula. 

USE  OF  THE  TABLES 

For  the  use  of  those  who  are  interested  in  a  prepared  Bordeaux 
mixture  and  do  not  wish  to  make  exact  calculations  as  herein  ex- 
plained, Tables  1  and  2  are  presented. 

Table  1. — Bordeaux  formulas  corresponding  to  the  strength  of  Bordeaux  mix- 
tures produced  when  commercial  preparations  are  diluted  as  directed  a 


Metallic  copper  declared  on  label 


1.  5  per  cent 

2  per  cent . . 
2. 5  per  cent 

3  per  cent . . 

4  per  cent . . 

5  per  cent . . 

6  per  cent . . 

7  per  cent . . 

8  per  cent  _ . 
10  per  cent . 
12  per  cent . 
15  per  cent . 
18  per  cent . 
20  per  cent . 
22  per  cent . 


Approximate  formula  of  Bordeaux  mixture  produced 
where  the  dilution  is  at  the  rate  ot  1  pound  to — 


10  gallons 


0.  3-0.  3-50 
.  4-  .  4-50 
. 5-  .  5-50 
.  6-  .  6-50 
.  8-  .  8-50 

1. 0-1.  0-50 

1.  2-1.  2-50 
1.  4-1.  4-50 

1.  6-1.  6-50 

2.  0-2.  0-50 
2.  3-2.  3-50 

2.  9-2.  9-50 

3.  5-3.  5-50 

3.  9-3.  9-50 

4.  3-4.  3-50 


gallons 


0.  4-0. 
.5-  . 
.6-  . 
.7-  . 

1. 0-1. 

1.  2-1. 
1.  5-1. 

1.  7-1. 

2.  0-2. 
2.  4-2. 

2.  9-2. 

3.  6-3. 

4.  4-4. 
4.  9-4. 
5.4-5. 


4-  50 

5-  50 

6-  50 

7-  50 
0-50 
2-50 

5-  50 
7-50 
0-50 
4-50 
9-50 

6-  50 
4-50 
9-50 
4-50 


5  gallons 


6-0.  6-50 

8-  .  8-50 

0-  1.  0-50 

2-  1.  2-50 

6-  1.  6-50 

9-  1.  9-50 

3-  2.  3-50 

7-  2.  7-50 

1-  3.  1-50 
9-3.  9-50 

7-  4.  7-50 

8-  5.  8-50 
0-7.  0-50 
8-7.  8-50 
6-8.  6-50 


3  gallons 


1. 0-1. 0-50 
1.  3-1.  3-50 

1.  6-1.  6-50 

2.  0-2.  0-50 

2.  6-2.  6-50 

3.  3-3.  3-50 

3.  9-3.  9-50 

4.  6-4.  6-50 

5.  2-5.  2-50 

6.  5-6.  5-50 
7. 8-7.  8-50 
9.  8-9.  8-50 


°  It  is  assumed  for  purposes  of  calculation  that  in  all  commerce 
sulphate  were  used  in  equal  quantities. 


Bordeaux  mixtures  the  lime  and  copper 


By  means  of  Table  1  any  grower  knowing  the  percentage  of 
metallic  copper,  which,  according  to  law,  must  be  stated  on  the  label, 
can  determine  at  a  glance  approximately  what  the  formula  will  be 
when  the  product  is  diluted  according  to  directions. 

If  the  formula  is  not  of  the  strength  desired,  the  grower  can  deter- 
mine in  a  similar  manner  from  Table  2  approximately  the  number 
of  pounds  of  the  preparation  it  is  necessary  to  add  to  50  gallons  of 
water  to  make  either  a  2-2-50,  a  3-3-50,  a  4  4  50,  or  a  5-5-50  for- 
mula. Since  these  formulas  cover  practically  every  requirement, 
this  table  should  answer  for  all  practical  purposes  almost  as  well  as 
the  more  exact  calculations. 


CALCULATION  OF  THE  MONEY  VALUES 


After  the  buyer  has  determined  the  amount  of  copper  sulphate 
in  commercial  Bordeaux  mixture  when  diluted  with  50  gallons  of 
water,  he  can  next  calculate  the  money  value  of  the  ingredients  of 


3  There  is  a  slight  error  by  this  method  of  calculation,  because  the  volumes  occupied  by 
the  concentrated  paste  in  the  diluted  commercial  preparations  and  by  the  copper  sulphate 
and  lime  in  the  case  of  homemade  mixtures  have  been  disregarded.  This  is  done  in  order 
to  avoid  complicated  computations,  but  the  error  thus  involved  is  so  small  that  it  would 
have  practically  no  effect  on  comparative  values. 
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the  mixture  as  compared  with  the  homemade  preparation.  For 
example,  the  commercial  paste  previously  referred  to  contains  4.32 
pounds  of  crystallized  copper  sulphate  when  diluted  with  50  gallons 
of  water.  The  present  cost  of  copper  sulphate  varies  from  5  to  7 
cents  per  pound  in  450-pound  lots  to  8  to  10  cents  in  small  quanti- 
ties. It  will  be  assumed  that  an  equal  amount  of  lime,  which  is  worth 
about  1  cent  per  pound,  will  be  included  in  each  50  gallons  of  spray. 
Therefore,  in  50  gallons  of  this  commercial  spray  the  copper  sul- 
phate will  be  worth  from  21.6  to  43.2  cents  (4.32  pounds  at  5  cents= 
21.6  cents  and  4.32  pounds  at  10  cents=43.2  cents)  and  the  lime 
4.32  cents  (4.32  pounds  at  1  cent=4.32  cents).  This  makes  a  total  of 
25.92  to  47.52  cents,  the  value  of  the  essential  ingredients  of  the  com- 
mercial paste  when  diluted  with  50  gallons  of  water.  In  other 
words,  one  could  buy  the  material  to  make  50  gallons  of  Bordeaux 
mixture  equal  in  copper  content  to  this  one  for  25.92  to  47.52  cents. 
This  mixture  sells  on  the  market  for  151/2  to  30  cents  per  pound, 
depending  on  the  quantity  purchased.  At  the  dilution  recom- 
mended, therefore,  10  pounds  to  50  gallons  of  water,  this  would 
cost  from  $1.55  to  $3  for  this  quantity  of  the  diluted  spray.  A  home- 
made 1  4  50  Bordeaux  mixture  would  cost  from  20  to  40  cents  for 
the  copper  sulphate  and  4  cents  for  the  lime,  or  a  total  of  24  to  44 
cents. 


Table  2. — Equivalent  percentages  of  copper  sulphate  and  number  of  pounds  of 
concentrated  commercial  mixtures  necessary  to  use  in  order  to  make  Bor- 
deaux mixtures  of  given  formulas 


Metallic  copper  declared  on  label 


1 .5  per  cent 

2  per  cent.. 
2.5  per  cent 

3  per  cent.. 

4  per  cent.. 

5  per  cent.. 

6  per  cent.. 
7 per  cent.. 
8  per  cent.. 
10  per  cent. 
12  per  cent. 
15  per  cent. 
18  per  cent. 
20  per  cent. 
22  per  cent. 


Equiva- 
lent 


Pounds  of  concentrated  mixture  neces- 
sary to  add  to  50  gallons  of  water  to 
make  formula— 


sulphate 

2-2-50 

3-3-50 

4-4-50 

5-5-50 

Per  cent 

5.  89 

33.9 

50.9 

67.8 

84:8 

7.  86 

25.  4 

38.  2 

50.8 

63.6 

9.  82 

20.  3 

30.5 

40.7 

50.9 

11.79 

16.  9 

25.4 

34.  0 

42  4 

15.  72 

12.7 

19.  1 

25.  4 

31.8 

19.  65 

10.  2 

15.2 

20.3 

25.4 

23.  58 

8.4 

12.7 

16.  9 

21.2 

27.  51 

7.2 

10.9 

14.  5 

18.  1 

31.44 

6.3 

9.5 

12.  7 

15.9 

39.3 

5.  1 

7.6 

10.2 

12.7 

47.  16 

4.  2 

6.3 

8.5 

10.6 

58.  95 

3.4 

5.  1 

6.8 

8.6 

70.  74 

2.9 

4.3 

5.  7 

7.  1 

78.  60 

2.6 

3.9 

5.  1 

6.4 

86.  46 

2.  4 

3.5 

4.  7 

5.8 

CALCULATION  OF  LEAD  ARSENATE 

There  is  another  class  of  commercial  Bordeaux  pastes  and  powders 
in  which  an  insecticide  (usually  lead  arsenate)  has  been  added  by  the 
manufacturer  ready  for  dilution,  and  when  their  value  is  computed 
it  is  necessary  to  calculate  the  value  of  the  insecticide  as  well  as  that 
of  the  copper  sulphate  and  lime. 

The  only  feasible  method  of  complying  with  the  requirements  of 
the  law  relative  to  the  statement  of  active  or  inert  ingredients 4  in 


4  Rules  and  regulations  .  .  .    Op.  dt>,  p.  IS. 
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the  case  of  Bordeaux  lead  arsenate  is  for  the  manufacturer  to  state 
the  percentage  of  dry  lead  arsenate  and  of  copper  in  the  preparation. 

The  value  of  the  Bordeaux  mixture  in  this  preparation  may  there- 
fore be  calculated  in  the  manner  already  described.  For  all  practical 
purposes  the  percentage  of  lead  arsenate  in  terms  of  lead-arsenate 
paste  may  be  obtained  by  multiplying  the  percentage  of  dry  lead 
arsenate  by  2,  since  1  pound  of  dry  lead  arsenate  is  practically 
equivalent  to  2  pounds  of  lead-arsenate  paste;  or,  in  other  words, 
lead-arsenate  paste  usually  contains  approximately  50  per  cent  of 
water.  If,  however,  the  grower  has  been  accustomed  to  purchase 
his  lead  arsenate  in  the  dry  powdered  form,  the  percentage  of  this  is 
given  on  the  label. 

Example. — A  commercial  Bordeaux  lead  arsenate  which  has  been  tested  by 
the  writers  claims  8.5  per  cent  of  metallic  copper  (Cu)  and  16.67  per  cent 
of  dry  lead  arsenate.  This  preparation,  therefore,  using  the  method  here 
described,  when  diluted  12.5  pounds  to  50  gallons  contains  4.17  pounds  of 
copper  sulphate.  As  stated,  it  contains  16.67  per  cent  of  dry  lead  arsenate 
or  twice  this  amount  (33.34  per  cent)  of  lead  arsenate  in  the  paste  form; 
therefore,  taking  16.67  per  cent  of  12.5  the  amount  of  dry  lead  arsenate  in  50 
gallons  of  the  diluted  spray  material  is  found  to  be  2.08  pounds,  or  the  equiva- 
lent of  paste  lead  arsenate  would  be  twice  this  amount,  4.16  pounds,  obtained 
by  taking  33.34  per  cent  of  12.5.  This  preparation,  therefore,  will  contain 
copper  sulphate  worth  from  20.8  to  41.7  cents,  lime  worth  4.1  cents,  and  lead 
arsenate  selling  on  the  market  at  approximately  20  cents  for  the  dry  form 
or  10  cents  per  pound  for  the  paste,  worth  41.6  cents,  making  a  total  of  66.5 
to  87.4  cents.  It  sells  for  13.5  cents  a  pound  in  100-pound  lots  to  30  cents  a 
pound  in  1-pound  lots  and  therefore  would  cost  the  purchaser  for  every  50 
gallons  of  diluted  spray  from  $1.68  to  $3.75. 

VARIATIONS  IN  COMMERCIAL  MIXTURES 

In  order  to  give  some  idea  how  different  brands  of  commercial 
Bordeaux  mixture  may  be  expected  to  vary  in  this  respect  and  to 
show  how  well  the  average  product  is  at  present  measuring  up  to  the 
standard  strength,  a  number  of  samples  which  have  been  examined 
by  the  Insecticide  and  Fungicide  Board  during  the  season  of  1924 
are  given  below.  The  labels  and  analyses  of  these  samples  were 
taken  from  the  files  of  the  board  without  selection  and  fairly  well 
represent  the  average  run  of  products  as  now  found  on  the  market. 
When  diluted  with  50  gallons  of  water  according  to  directions  for 
such  diseases  as  potato  blight,  black-rot  of  grapes,  bitter-rot  of 
apples,  etc.,  they  were  found  to  contain,  respectively,  copper  equiva- 
lent to  3.01,  4.23,  4.17,  4.09,  4.14,  4.04,  5.33,  3.94,  and  4.39  pounds  of 
copper  sulphate.  These  calculations  are  based  on  analyses  made  by 
the  Bureau  of  Chemistry.  Occasionally  a  sample  is  located  which 
is  weaker  than  any  of  these,  but  such  a  product  is  now  the  exception 
rather  than  the  rule. 

In  this  connection  it  is  interesting  and  gratifying  to  note  the 
marked  improvement  in  these  products  since  the  first  edition  of  this 
bulletin  was  published  in  1918.  At  that  time  the  representative 
samples  as  then  given  contained,  respectively,  copper  equivalent  to 
only  0.6,  1.5,  0.9,  1.8,  0.7,  3.71,  and  1.9  pounds  of  copper  sulphate 
when  diluted  with  50  gallons  of  water  according  to  directions.  This 
marked  improvement  it  is  believed  is  due  largely  to  the  work  of  the 
Insecticide  and  Fungicide  Board,  brought  about  mostly  by  means  of 
amicable  cooperation  with  the  various  manufacturers  and  also  to  the 
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publicity  <riven  the  subject  by  the  publication  of  the  first  edition  i 
of  this  bulletin. 


PHYSICAL  PROPERTIES  DETERMINING  VALUE 

It  is  also  true  that  there  are  other  factors,  aside  from  the  copper 
content,  which  are  important  in  determining  the  real  value  or  efii- 


Fig.  1. — Cylinders  containing  various  brands  of  commercial  P.ordeaux  mixtures  (7>  to  h) 
compared  with  a  homemade  P.ordeaux  mixture.  4-4-50  formula  ('/).  showing  relative 
subsidence  ;is  an  indication  of  their  physical  and  mechanical  properties:  A,  Photo- 
graphed L' 1 4  minutes  after  shaking;  B,  photographed  8  minutes  after  shaking 


ciency  of  Bordeaux  mixtures.  In  fact,  our  tests  on  the  whole  seem  to 
indicate  that  the  physical  properties  of  the  preparation  are  in  many 
cases  even  more  important  than  the  quantity  of  copper  present.  Of 


Commercial  Bordeaux  Mixtures 


7 


course,  there  must  be  sufficient  copper  to  do  the  work.  On  the  other 
hand,  a  preparation  containing  a  large  amount  of  copper,  but  coarse 
and  granular  in  texture,  with  poor  spreading  and  sticking  qualities, 
can  not  be  expected  to  give  good  results  in  cases  where  a  good  fungi- 
cide is  required. 

Figure  1  illustrates  the  results  of  some  tests  made  to  determine 
the  physical  or  mechanical  condition  of  a  number  of  proprietary 
Bordeaux  mixtures  and  of  a  homemade  preparation  for  comparison. 
The  preparations  were  diluted  with  water  as  directed  for  use,  poured 
into  glass  cylinders,  and  shaken  thoroughly.  The  illustrations  show 
the  relative  ratio  of  subsidence.  It  will  be  noted  that  the  fresh 
homemade  Bordeaux  mixture  in  cylinder  a  has  remained  in  suspen- 
sion much  better  than  any  of  the  others  and  that  there  was  consider- 
able variation  among  the  commercial  preparations  in  this  respect. 
The  precipitate  in  cylinder  c  went  to  the  bottom  in  two  minutes 
after  shaking.  Such  a  preparation  would  certainly  require  espe- 
cially good  agitation  and,  even  so,  its  physical  properties  would  be 
very  poor.  It  is  interesting  to  note  that  after  standing  48  hours  and 
being  reshaken,  the  homemade  Bordeaux  mixture  settled  as  quickly 
as  some  of  the  commercial  preparations,  thus  showing  that  on  stand- 
ing for  that  length  of  time  it  deteriorates,  becoming  more  like  the 
commercial  preparations  in  its  physical  properties. 

In  general,  it  is  believed  that  the  rate  of  subsidence,  as  shown  by 
these  tests,  is  a  fairly  good  criterion  by  which  to  judge  the  physical 
properties  of  Bordeaux  mixtures,  though  it  has  not  yet  been  deter- 
mined how  infallible  this  method  is.  It  is  true  that  some  commercial 
preparations  which  settle  much  more  quickly  than  fresh  homemade 
Bordeaux  mixture  are  at  the  same  time  quite  fine  in  texture  and  ap- 
pear to  have  very  good  adhesive  properties  and,  so  far  as  the  writers 
could  observe  in  the  absence  of  chemical  tests,  adhered  as  well  as  the 
homemade  mixture. 

It  is  certain,  however,  that  all  preparations  showing  very  rapid 
subsidence  will  require  at  least  very  thorough  agitation,  and  it  will 
be  well  when  they  are  used  to  see  that  the  sprayer  is  provided  with  a 
very  efficient  agitator.  In  other  words,  in  those  commercial  Bordeaux 
preparations  which  the  writers  have  examined  in  this  way  more 
thorough  agitation  is  necessary  than  in  the  case  of  a  good,  fresh, 
homemade  mixture.  On  the  other  hand,  if  some  of  the  best  com- 
mercial preparations  are  properly  applied  and  in  sufficient  quantities 
to  furnish  the  necessary  amount  of  copper,  there  is  no  doubt  that 
good  results  can  be  obtained ;  and  if  any  grower  for  any  reason  finds 
It  more  practicable  or  prefers  to  purchase  a  prepared  Bordeaux  paste 
he  will  probably  obtain  good  results  from  its  use,  provided  he  selects 
a  brand  that  shows  good  physical  properties,  which  can  be  deter- 
mined readily  by  the  subsidence  tests  already  described,  and  uses  it 
at  a  dilution  which  furnishes  sufficient  copper  to  control  the  diseases 
which  he  wishes  to  combat.  In  this  connection  it  may  be  well  to  add 
that,  as  has  been  shown,  the  dilutions  recommended  by  some  manu- 
facturers for  the  use  of  their  Bordeaux  preparations  would  furnish 
less  copper  than  would  be  used  in  a  homemade  mixture,  and  in  some 
cases  the  amount  would  not  be  sufficient  for  satisfactory  control  of 
the  diseases  in  question.  It  would  therefore  be  well  for  the  grower, 
knowing  what  strength  of  homemade  Bordeaux  mixture  he  should 
use  to  combat  the  diseases  of  his  crops  to  determine  by  reference  to 
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Table  2  or  to  calculate  by  means  of  the  methods  of  computation 
given  in  this  bulletin  just  what  dilution  of  the  commercial  paste 
would  be  necessary  to  furnish  the  desired  formula,  instead  of  de- 
pending entirely  on  the  manufacturer's  recommendation. 

STANDARD  FORMULAS  NECESSARY  TO  INSURE  SATIS- 
FACTORY RESULTS 

In  this  connection  there  also  arises  the  question,  w  Can  the  grower 
afford  to  economize  by  using  a  weaker  mixture  than  is  commonly 
advised  for  the  various  diseases  which  require  Bordeaux  treat- 
ment? "  To  judge  from  our  experience  and  observations,  it  is  prob- 
able that  in  many  cases  when  infection  conditions  are  mild  a  Bor- 
deaux mixture  containing  considerably  less  copper  sulphate  than  is 
commonly  advised  for  the  various  diseases  for  which  this  mixture 
is  recommended  would  give  very  good  control,  provided  its  physical 
properties  are  good  and  it  is  thoroughly  applied.  It  is  also  probable 
that  considerable  benefit  will  be  derived  from  the  use  of  the  weak 
mixture  even  when  the  infection  is  quite  severe;  but  under  such  cir- 
cumstances the  disease  will  not  be  satisfactorily  controlled,  and  the 
resultant  loss  would  in  many  cases  much  more  than  offset  the  amount 
saved  by  economizing  on  copper  sulphate  during  the  seasons  of  mild 
infection. 

Spraying  is  a  question  of  insurance,  and  the  grower  must  decide 
whether  he  wishes  to  insure  his  crop  wholly  or  only  partially  against 
fungous  diseases.  He  might  partially  insure  his  crop  by  spraying 
with  a  Bordeaux  mixture  containing  much  less  copper  than  is  usually 
recommended.  The  conditions  which  follow  may  require  only  a  weak 
fungicide  for  satisfactory  control:  but  one  can  not  foretell  when 
such  conditions  will  occur,  and  the  spraying  must  be  done  in  advance 
as  a  preventive  measure.  It  is  therefore  safer,  if  the  grower  wishes 
to  make  sure  of  the  best  results,  to  use  the  amount  of  copper  sulphate 
commonly  advised  by  experts  for  control  under  epidemic  conditions. 

OTHER  FACTORS 

It  should  be  noted  that  in  calculating  the  money  value  of  the 
preparations  described  only  the  value  of  the  ingredients  has  been 
considered.  No  allowance  has  been  made,  on  the  one  hand,  for  the 
overhead  charges  necessary  to  the  manufacture  and  distribution  of 
the  goods,  nor,  on  the  other  hand,  has  allowance  been  made  for  the 
cost  to  the  grower  of  preparing  his  own  product.  If  such  allow- 
ances were  made,  doubtless  less  difference  would  be  shown  between 
the  cost  of  the  homemade  and  the  commercial  fungicides.  The  cost 
of  labor  and  equipment  for  preparing  homemade  Bordeaux  mix- 
tures w  ill  vary  with  the  individual  and  with  circumstances.  Fur- 
thermore, the  kind  of  labor  available  is  an  important  consideration. 
If  incompetent  or  unreliable  help  must  be  employed  to  prepare  the 
homemade  mixture  the  chances  for  mistakes  are  greater  than  in 
the  case  of  a  good  proprietary  preparation  manufactured  by  a 
reliable  company.  None  of  these  factors  are  discussed  here,  but 
they  should  be  considered  by  each  grower  according  to  his  individ- 
ual circumstances. 
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